ABSTRACT: Total seed proteins in two safflower species (Carthamus tinctorius L. and C. lanatus L.) have been separated by the SDS-PAGE method. Their molecular masses ranged from 120 to 20 kDa. All C. tinctorius genotypes under study exhibited identical electrophoretic patterns which differed from the pattern exhibited by the wild species C. lanatus in the number and position of protein bands. Differences in protein profiles occurred in regions around 60 kDa, from 43 to 36 kDa and around 30 kDa. Statistically significant differences in seed protein content were found among safflower genotypes from different countries as well as among genotypes from the same country but from different sites. The highest seed protein content was found in a genotype originating from the USA.
INTRODUCTION
Safflower is an annual plant from the family Compositae. It is referred to in literature as cultivated (Carthamus tinctorius L.) and wild species (C. lanatus L.). Africa and Asia are mentioned as places of origin, with the Mediterranean as the main region of distribution. Safflower is an important aromatic and medicinal plant. Due to high oil content in seed, it is also cultivated as an oil crop. Cartamine (C 21 H 22 O 11 ), a coloring substance found in the flowers of this plant, is used as colorant in food-processing industry (H e g i , 1954 ; R ap o t i and R o m v a r i , 1972). K i s s et al. (2001) found significant differences in the contents of total fatty oil, oleic and linoleic acids in safflower seeds collected in different countries and those collected from different sites in the same country.
The importance of evaluation and preservation of wild and less cultivated plant species was recognized during the 20 th century. Broad source of useful genes is essential for successful breeding process. The first step is to characterize genetic resources and to evaluate polymorphism in germplasm. In the next phase, useful genes from wild relatives are introduced into cultivated material by conventional breeding methods or methods of genetic engineering. Within the scope of safflower breeding programs, isozyme variability (Z h a n g , 2001) and PCR-based RAPD analysis (Y a z d -I s a m a d i et al., 2001) were carried out to detect genetic diversity in the genus Carthamus. The results showed that two classes of markers could be useful for the classification of germplasm and identification of safflower landraces.
The aim of this paper was to evaluate seed protein variability in different Carthamus tinctorius genotypes and in C. lanatus.
MATERIAL AND METHODS
The study was carried out on safflower cultivated genotypes (Carthamus tinctorius L.) and its wild relative (C. lanatus L. SDS-PAGE was carried out with the buffer system described by L a e mm l i (1970). Embryoless mature seeds (20 mg/0.5 ml) were suspended in a sample buffer of TRIS-HCl (pH 6.8), 2% SDS, 5% mercaptoethanol and 20% glycerol. After shaking for 2 h at room temperature, the suspension was boiled for 2 min. After centrifugation (5000 g) for 5 min at room temperature, 50 m l of protein solution were applied to a gel that consisted of 11.84% acrylamide and 0.16% bisacrylamide (1.35% C). Electrophoresis was carried out in vertical slab gels (180x160x1.5 mm). Two gels were run at 40 mA for 30 min and 80 mA for 3 h. Proteins were stained with 0.02% Coomassie Brilliant Blue R 250 in 40% methanol, 10% glacial acetic acid.
Seed protein content was calculated by multiplying total nitrogen content with factor 6.25. Total nitrogen content was determined by the micro-Kjeldahl method. The results were statistically processed for LSD.
RESULTS AND DISCUSSION
Total seed proteins were separated by the SDS-PAGE method. Their molecular mass ranged from 120 to 20 kDa. Four regions could be distinguished in gel slabs, each possessing characteristic arrangement and number of bands. All cultivated genotypes of C. tinctorius had identical electrophoretic patterns, which differed from that found in the wild species C. lanatus (Figure 1 ).
In the region around 60 kDa, the cultivated genotypes had two bands and the wild species three. Most striking differences in both the number and arrangement of bands occurred in the region from 43 to 36 kDa (Figure 2 ). The cultivated genotypes had eight bands and the wild species nine, all of which differed in intensity and mobility. Differences in the number and arrangement of bands also existed in the region of 30 kDa. The cultivated genotypes had 6 bands, the wild species four. Significant differences in seed protein content were found among safflower genotypes from different countries as well as among genotypes from different sites in the same country (Figure 3) . The highest protein content was found in the sample from the USA. In an earlier study, K i s s et al. (2001) had found the highest oil content in the same sample. Our result was thus unexpected because a negative correlation typically exists between protein and lipid contents in seed. Low carbohydrate contents in safflower seed samples form the USA seem to be the only explanation for this. Regarding the seed protein content in the wild relative, it was in agreement with the average content of the cultivated genotypes.
